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(57) ABSTRACT

A receiving circuit includes: an interpolation circuit that gen-
erates, by using an interpolation coefficient, output data
including a data point and a boundary point from pieces of
input data that are input in chronological order; a detection
circuit that outputs a detection signal when the detection
circuit detects a phase of the output data by using the bound-
ary point of the output data; a low pass filter that filters the
detection signal and generates the interpolation coefficient;
and a modulation circuit that modulates, by using a modula-
tion signal having a frequency different from a cutoff fre-
quency of the low pass filter, the interpolation coefficient
generated by the low pass filter, and outputs the modulated
interpolation coefficient to the interpolation circuit.

7 Claims, 17 Drawing Sheets
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RECEIVING CIRCUIT AND
COMMUNICATION CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2013-
062723, filed on Mar. 25, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a receiv-
ing circuit and a communication circuit, where, for example,
the receiving circuit may generate, via an interpolation coef-
ficient, output data from pieces of data input in chronological
order.

BACKGROUND

With increase in performance of information processing
apparatuses, such as a device and a server that are intended for
a communication backbone, the data rate at which a signal is
transmitted to and received from the respective apparatuses is
increasing. The receiving circuit of such transmitting/receiv-
ing apparatuses may be a synchronous-type receiving circuit
in which sampling is performed in synchronization with a
phase of input data or an asynchronous-type receiving circuit
in which sampling is performed without synchronizing with a
phase of input data. In an asynchronous receiving circuit,
interpolation is performed on sampled data by using an inter-
polation code, thereby generating reception data (see, for
example, Japanese Laid-open Patent Publication No. 2007-
184847).

A stress test may sometimes be performed on an asynchro-
nous receiving circuit. For example, a test of an operational
margin is sometimes performed by reducing the size ofan eye
pattern (that is, by using a stressed eye). The test of an opera-
tional margin using a stressed eye is performed when opera-
tions of a transmitting circuit and a receiving circuit are not in
synchronization with each other. Ifthe operations of the trans-
mitting circuit and the receiving circuit are in synchronization
with each other, the stress test may be performed by control-
ling an interpolation code (hereinafter, this may be referred to
as an interpolation coefficient). When the operations of the
transmitting circuit and the receiving circuit are not in syn-
chronization with each other, the stress test may be performed
with an interpolation function enabled. As a method for per-
forming the stress test when the operations are not in synchro-
nization with each other, a method has been considered in
which points in time at which a data point and a boundary
point are sampled are individually controlled. However, this
method may make circuitry more complicated or may not be
able to provide a correct amplitude.

SUMMARY

According to an aspect of the embodiment, a receiving
circuit includes: an interpolation circuit that generates, by
using an interpolation coefficient, output data including a data
point and a boundary point from pieces of input data that are
input in chronological order; a detection circuit that outputs a
detection signal when the detection circuit detects a phase of
the output data by using the boundary point of the output data;
a low pass filter that filters the detection signal and generates
the interpolation coefficient; and a modulation circuit that
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2

modulates, by using a modulation signal having a frequency
different from a cutoff frequency of the low pass filter, the
interpolation coefficient generated by the low pass filter, and
outputs the modulated interpolation coefficient to the inter-
polation circuit.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1is ablock diagram of a system including a receiving
circuit;

FIG. 2 illustrates signals with respect to time;

FIG. 3 is a circuit diagram illustrating part of an interpola-
tion circuit;

FIG. 4 is a timing chart illustrating an operation of each
switch;

FIG. 5 is a (first) circuit diagram illustrating an operation
performed by part of the interpolation circuit;

FIG. 6 is a (second) circuit diagram illustrating an opera-
tion performed by part of the interpolation circuit;

FIG. 7 is a (third) circuit diagram illustrating an operation
performed by part of the interpolation circuit;

FIG. 8 is a (fourth) circuit diagram illustrating an operation
performed by part of the interpolation circuit;

FIG. 9 illustrates interpolation data for performing a stress
test;

FIG. 10 is a circuit diagram of an interpolation circuit that
generates multiple pieces of output data;

FIG. 11 is a block diagram of a receiving circuit according
to a first embodiment;

FIG. 12 is a timing chart of a modulation signal, an inter-
polation coefficient, and a detection signal in the first embodi-
ment;

FIGS. 13A and 13B each illustrate interpolation data;

FIG. 14 is a block diagram of a receiving circuit according
to a second embodiment;

FIG. 15 is a timing chart of a modulation signal, an inter-
polation coefficient, a detection signal, and a correction signal
in the second embodiment;

FIG. 16 is a block diagram of a communication circuit
according to a third embodiment; and

FIG.17 is a block diagram of a system in which a stress test
is performed according to a fourth embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiments will be described below with reference to the
drawings.

First, an asynchronous receiving circuit will be described.
FIG. 1 is a block diagram of a system including a receiving
circuit. Referring to FIG. 1, the system may include a trans-
mitting circuit 50, a transmission path 52, and a receiving
circuit 106. The transmitting circuit 50 may transmit a light
signal. The light signal may be transmitted through the trans-
mission path 52. The transmission path 52 may be an optical
fiber, for example. The received light signal may be converted
into an electrical signal by a photoelectric converter. The
receiving circuit 105 may generate a digital signal from the
input electrical signal.

The receiving circuit 105 may include an interpolation
circuit 12, a decision circuit 14, a detection circuit 16, and a
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low pass filter (LPF) 18. The interpolation circuit 12 may
generate, by using an interpolation code and a sampling
clock, interpolation data that may include a data point and a
boundary point from pieces of input data that are input in
chronological order. The decision circuit 14 may compare the
interpolation data with a reference value and thereby deter-
mine whether the interpolation data is at a high level or a low
level. Thus, the decision circuit 14 may generate output data.
When the detection circuit 16 detects a phase of the output
data by using a boundary point of the output data, the detec-
tion circuit 16 may output a detection signal. The LPF 18 may
filter the detection signal and set the filtered signal as the
interpolation code. For example, the LPF 18 may pass a signal
having a frequency less than or equal to a cutoff frequency
and not pass a signal having a frequency higher than or equal
to the cutoff frequency. A clock data recovery (CDR) circuit
may be used as the receiving circuit 104.

FIG. 2 illustrates signals with respect to time. In the fol-
lowing embodiments, as an example, a 2x scheme in which
two pieces of data are sampled in one unit interval will be
described; however, the embodiments may be applied to
another scheme. Referring to FIG. 2, S,’s correspond to
pieces of input data that have been input in chronological
order. The interpolation circuit 12 may generate one piece of
interpolation data D, from two pieces of input data S, _; and
S,, (n is a natural number). When an interpolation code k is
defined by O<k=1, the interpolation data D,, may be generated
by D,=(1-k)xS,_,+kxS,. Thus, interpolation data whose
phase matches a phase of input data may be generated. In this
way, the interpolation code k may be a coefficient that assigns
weight to input data. In the 2x scheme, as indicated by vertical
arrows, a data point D and a boundary point B may be alter-
nately generated. The data point may be a point which is
treated as digital data in a circuit subsequent to the receiving
circuit, and the boundary point may be a point at which a
transition of data is made. In the 2x scheme, for example, the
data point may be a midpoint between boundary points.

Next, an example of an interpolation circuit of the asyn-
chronous receiving circuit will be described. FIG. 3 is a
circuit diagram that illustrates a part of the interpolation cir-
cuit and illustrates a circuit that generates one piece of inter-
polation data from two pieces of input data that are adjacent to
each other in chronological order. Referring to FIG. 3, part of
the interpolation circuit 12 may include gm circuits 30a and
304, and a sampling circuit 13. The sampling circuit 13 may
include switches 32a, 325, 344, 345, and 35, variable capaci-
tors 36 and 38, and an analog-to-digital converter (A/D) 40. A
path may branch into two paths between an input voltage
signal Vin and a node N1. In one path, the gm circuit 30q, the
switch 32a, and the variable capacitor 36 are electrically
connected in series. The voltage signal Vin may be input to the
gm circuit 30a and converted into a current. The switch 32a
may be electrically connected between an output terminal of
the gm circuit 30q and an end of the variable capacitor 36. The
switch 34a may be electrically connected between the end of
the variable capacitor 36 and a power supply Vdd. The other
end of the variable capacitor 36 may be connected to the node
N1.

In the other path, the gm circuit 305, the switch 325, and the
variable capacitor 38 may be electrically connected in series.
The voltage signal Vin corresponding to input data may be
input to the gm circuit 305 and converted into a current. The
switch 326 may be electrically connected between an output
terminal of the gm circuit 306 and an end of the variable
capacitor 38. The switch 3456 may be electrically connected
between the end of the variable capacitor 38 and the power
supply Vdd. The other end of the variable capacitor 38 may be
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connected to the node N1. The switch 35 may be electrically
connected between the node N1 and the ground. The node N1
may be connected to the A/D 40. The switches 32a, 325, 34a,
34b, and 35 may be respectively turned on when clocks
CLK,,_,,CLK,,CLKH,CLKH, and CLKR are atahighlevel,
and these switches may be respectively turned off when these
clocks are at a low level. The variable capacitor 36 may have
a capacitance corresponding to 1-k, and a capacitor 37 hav-
ing a capacitance corresponding to k may not contribute to the
capacitance. The variable capacitor 38 may have a capaci-
tance corresponding to k, and a capacitor 39 (not illustrated)
having a capacitance corresponding to 1-k may not contrib-
ute to the capacitance.

FIG. 4 is a timing chart illustrating an operation of each
switch. FIGS. 5 to 8 are each a circuit diagram illustrating an
operation performed by part of the interpolation circuit.
Hatched portions in the variable capacitors 36 and 38 illus-
trated in FIGS. 5 to 8 represent the amounts of electric charge
accumulated in the variable capacitors 36 and 38. The area of
each hatched portion corresponds to the amount of accumu-
lated electric charge. Referring to FIGS. 4 and 5, in the period
between a time t1 and a time t2, CLKH, CLKR, CLK,,_,, and
CLK,, are respectively at high, high, low, and low levels. In
this period, each of the variable capacitors 36 and 38 may be
electrically connected in series between the power supply
Vdd and the ground. Because of this, the variable capacitors
36 and 38 may be charged.

Referring to FIGS. 4 and 6, in the period between a time t3
and a time t5, CLKH, CLKR, and CLK,,_, are respectively at
low, high, and high levels. In this period, the variable capaci-
tor 36 may be electrically connected in series between the gm
circuit 30a and the ground. Because of this, as indicated by an
arrow 56, electric charge may be drawn from the variable
capacitor 36. Thus, electric charge corresponding to the volt-
age signal Vin (corresponding to the input data S,,_,) during
the period between the time t3 and the time t5 may be accu-
mulated in the variable capacitor 36.

Referring to FIGS. 4 and 7, in the period between a time t4
and a time t6, CLKH, CLKR, and CLK,, are respectively at
low, high, and high levels. In this period, the variable capaci-
tor 38 may be electrically connected in series between the gm
circuit 306 and the ground. Because of this, as indicated by an
arrow 58, electric charge may be drawn from the variable
capacitor 38. Thus, electric charge corresponding to the volt-
age signal Vin (corresponding to the input data S, ) during the
period between the time t4 and the time t6 may be accumu-
lated in the variable capacitor 38.

Referring to FIGS. 4 and 8, in the period between a time t7
and atime t8, CLKH, CLKR, CLK,,_,, and CLK , are respec-
tively at high, low, low, and low levels. In this period, the
variable capacitors 36 and 38 may be electrically connected in
parallel between the power supply Vdd and the node N1. The
node N1 may be disconnected from the ground. Because of
this, electric charges accumulated in the variable capacitors
36 and 38 may be combined. Thus, the voltage of the node N1
is a value corresponding to the interpolation data D,,. The A/D
40 may convert the voltage of the node N1 into a digital value
and outputs the value.

As described above, the interpolation data D,, may be gen-
erated from the pieces of input data S,,_, and S,,.

Next, a stress test will be described. The stress test is a test
for checking, for example, an operational margin of a receiv-
ing circuit in the case where the size of an eye pattern of input
data becomes smaller than that of an eye pattern in a normal
operation. The detection circuit 16 may detect a phase by
using a boundary point of output data. Because of this, shifts
of phases of a data point and the boundary point of the output
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data may change an interpolation coefficient, and the inter-
polation circuit 12 may not operate normally. Thus, the stress
test may not be able to be performed.

FIG. 9 illustrates interpolation data for performing a stress
test. Referring to FIG. 9, pieces of data serving as boundary
points B’s may be kept unchanged, and pieces of data serving
as data points D’s may be shifted from a solid-line circle to a
dotted-line circle. Because of this, the detection circuit 16
may not recognize that a phase of output data has been shifted.
On the other hand, the data points D’s may be shifted. For this
reason, the data points D’s may be in a state equivalent to a
state where the size of an eye pattern becomes reduced. Thus,
in a circuit subsequent to the interpolation circuit 12, an
operational margin in the case where the size of an eye pattern
becomes reduced (the case of a stressed eye) may be tested.
For example, in the decision circuit 14, a stress test as to
whether or not interpolation data whose eye pattern size is
reduced is able to be converted into output data normally may
be performed. Thus, for the sake of the stress test, as indicated
by vertical arrows, the boundary points B’s and the data
points D’s may be controlled independently.

FIG. 10 is a circuit diagram of an interpolation circuit that
generates multiple pieces of output data. Referring to FIG. 10,
the interpolation circuit 12 may include the gm circuits 30a
and 305, and multiple sampling circuits 13a and 135. The
sampling circuits 13a and 135 that are adjacent to each other
may share a switch 32. The sampling circuits 13a and 135 that
are adjacent to each other may generate pieces of interpola-
tion data that are adjacent to each other in chronological
order. For example, the sampling circuit 13¢ may generate a
piece of interpolation data D,, (boundary point) from pieces of
inputdata S,,_; and S,,. The sampling circuit 135 may generate
a piece of interpolation data D, , (data point) from pieces of
inputdata S, and S, , ;. Thus, one sampling circuit 13a of the
sampling circuits that are adjacent to each other may generate
the boundary point, and the other sampling circuit 135 may
generate the data point.

Here, as described by using FIG. 9, the case where phases
of a data point and a boundary point are controlled indepen-
dently will be discussed. Different interpolation coefficients
m and k may be assigned to the sampling circuits 13a and 135.
Because of this, the variable capacitor 36 of the sampling
circuit 13a may have a capacitance corresponding to 1-m,
and the variable capacitor 38 may have a capacitance corre-
sponding to m. Thus, the interpolation data D, serving as a
boundary point may be defined by D,=(1-m)xS,,_;+mxS,,.
Similarly, the interpolation data D, , | serving as a data point
output by the sampling circuit 135 may be defined by D, , ;=
(1-k)xS,,+kxS, , ;. Since m and k are different, it is consid-
ered that the phases of the data point and the boundary point
may be controlled independently.

However, capacitances of capacitors from which a current
(arrow 54) corresponding to the input data S,, draws electric
charge correspond to m and 1-k as indicated by a dotted line
55a. On the other hand, capacitances of capacitors from
which a current (arrow 56) corresponding to the input data
S,,.1 draws electric charge correspond to k and 1-m as indi-
cated by a dotted line 555. Since m and k are different, the
dotted lines 554 and 5556 may be different in terms of capaci-
tance. Thus, in the sampling circuits 13a and 134, interpola-
tion data having a correct amplitude may not be able to be
obtained. Designing an interpolation circuit so as to control a
data point and a boundary point independently and to obtain
a correct amplitude may make the interpolation circuit more
complicated.

The example of the circuit illustrated in FIG. 10 has been
described; however, it may be difficult to control phases of a
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data point and a boundary point independently. As a result, in
a simple interpolation circuit, it may be difficult to perform a
stress test.

FIG. 11 is a block diagram of a receiving circuit according
to a first embodiment. Referring to FIG. 11, the first embodi-
ment is an example where an interpolation coefficient is
modulated by using a modulation signal having a frequency
higher than a cutoff frequency of the LPF 18. A modulation
circuit 20 may be provided between the LPF 18 and the
interpolation circuit 12. The modulation circuit 20 may
modulate an interpolation coefficient 0 by using a modulation
signal having a frequency different from the cutoff frequency
of the LPF 18. The modulation circuit 20 may include an
adder 22. The adder 22 may add the modulation signal to the
interpolation coefficient O output by the LPF 18 and may set
an obtained coefficient as an interpolation coefficient. Except
for the above, the configuration is the same as that in FIG. 1,
and description thereof is omitted.

FIG. 12 is a timing chart of a modulation signal, an inter-
polation coefficient, and a detection signal in the first embodi-
ment. FIGS. 13A and 13B each illustrate interpolation data.
Referring to FIG. 12, the modulation signal may have a fre-
quency higher than the cutoft frequency of the LPF 18. For
example, the frequency of the modulation signal may be 16
times the cutoff frequency. A modulation frequency is pref-
erably such a frequency that is able to be interrupted by the
LPF 18. Because of this, the interpolation coefficient 0 may
vary sufficiently slowly with respect to the frequency of the
modulation signal. The modulation circuit 20 may apply
modulation corresponding to the frequency of the modulation
signal to the interpolation coefficient 0. Thus, the interpola-
tion circuit 12 may generate interpolation data so that phases
of a data point and a boundary point are modulated.

In FIGS. 13A and 13B, dotted-line circles denote data
points and boundary points obtained when an interpolation
coefficient is equal to the interpolation coefficient 0. Refer-
ring to FIG. 13 A, when the interpolation coefficient becomes
a positive number higher than the interpolation coefficient 0
by the modulation signal, phases of data points D’s and
boundary points B’s may be delayed as indicated by solid-
line circles. Referring to FIG. 13B, when the interpolation
coefficient becomes a negative number less than the interpo-
lation coefficient 0 by the modulation signal, phases of data
points D’s and boundary points B’s may be advanced as
indicated by the solid-line circles.

The decision circuit 14 may convert the interpolation data
into output data with the phase of the data point modulated.
Thus, a stress test in the cases where the phase of a data point
D is delayed and advanced may be performed.

On the other hand, the detection circuit 16 may generate a
detection signal by using a boundary point B of the output
data. Because the boundary point B of the output data has
been modulated, the detection circuit 16 may generate the
detection signal so that a phase of the output data is restored.
Because of this, as illustrated in FIG. 12, the detection signal
may vary at a frequency substantially the same as that of the
modulation signal, and with a phase opposite to that of the
modulation signal. Owing to the LPF 18, the interpolation
coefficient 0 may vary sufficiently slowly with respect to the
frequency of the modulation signal. Thus, the interpolation
coefficient O is negligibly affected by the modulation signal.

In this way, according to the first embodiment, the fre-
quency of the modulation signal may be set higher than the
cutoff frequency of the LPF 18. Thus, in a simple interpola-
tion circuit, a stress test for a circuit subsequent to the decision
circuit 14 may be performed. Furthermore, because the LPF
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18 interrupts a signal having a frequency the same as that of
the modulation signal, the interpolation coefficient 0 is nor-
mally generated.

FIG. 14 is a block diagram of a receiving circuit according
to a second embodiment. Referring to FIG. 14, the second
embodiment is an example where an interpolation coefficient
may be modulated by using a modulation signal having a
frequency lower than the cutoff frequency of the LPF 18. A
correction circuit 24 may be provided between the detection
circuit 16 and the LPF 18. The correction circuit 24 may
include an adder 26. The adder 26 may add a detection signal
and a correction signal output by the modulation circuit 20
and output an obtained signal to the LPF 18. Except for the
above, the configuration is the same as that in FIG. 11 in the
first embodiment, and description thereof is omitted.

FIG. 15 is a timing chart of a modulation signal, an inter-
polation coefficient, a detection signal, and a correction signal
in the second embodiment. Referring to FIG. 15, the interpo-
lation coefficient may be modulated by the modulation signal.
The modulation signal may have a frequency lower than the
cutoff frequency of the LPF 18. For example, a modulation
frequency is preferably such a frequency that passes through
the LPF 18. An interpolation coefficient 0 may vary rapidly
with respect to the frequency of the modulation signal. The
modulation circuit 20 may apply modulation corresponding
to the frequency of the modulation signal to the interpolation
coefficient 0. Thus, the interpolation circuit 12 may generate
interpolation data so that phases of a data point and a bound-
ary point are modulated. Hence, as described by using FIGS.
13A and 13B in the first embodiment, a stress test may be
performed.

Referring to FIG. 15, the detection signal may vary at a
frequency substantially the same as that of the modulation
signal, and with a phase opposite to that of the modulation
signal. Even if the detection signal is input to the LPF 18
without being processed, variations due to the modulation
signal remain in the interpolation coefficient 0 because the
modulation frequency is lower than the cutoft frequency of
the LPF 18.

The modulation circuit 20 may output a correction signal
synchronized with the modulation signal. The correction sig-
nal may have a phase opposite to that of the detection signal
and an amplitude substantially the same as the modulation
width of the detection signal. A detection signal obtained by
removing a modulation portion of the detection signal may be
generated by the adder 26. Thus, the interpolation coefficient
0 may vary sufficiently slowly with respect to the frequency
of the modulation signal.

According to the second embodiment, the frequency of the
modulation signal is set lower than the cutoff frequency of the
LPF 18. The correction circuit 24 may correct the detection
signal by using the correction signal synchronized with the
modulation signal. Thus, in a simple correction circuit, a
stress test may be performed.

As in the first and second embodiments, the modulation
circuit 20 may modulate an interpolation coefficient O gener-
ated by the LPF 18 by using a modulation signal having a
frequency different from the cutoff frequency of the LPF 18,
and output a modulated coefficient to the interpolation circuit
12 as an interpolation coefficient. For example, when a stress
test is performed, the modulation circuit 20 may modulate the
interpolation coefficient 0. When a stress test is not per-
formed, the modulation circuit 20 does not modulate the
interpolation coefficient 0.

As in FIG. 10, when the interpolation circuit 12 generates
interpolation data D,, from pieces of input data S,,_; and S,
that are adjacent to each other in chronological order, a data
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point and a boundary point may not be able to be controlled
independently. Thus, as in the first and second embodiments,
the modulation circuit 20 is preferably used.

In addition, the interpolation circuit 12 may apply currents
corresponding to pieces of input data to the variable capacitor
36 (first variable capacitor) and the variable capacitor 38
(second variable capacitor) that are capable of changing
capacitances in accordance with an interpolation coefficient.
A point in time at which a current is applied to the variable
capacitor 36 is earlier than that at which a current is applied to
the variable capacitor 38. Subsequently, pieces of interpola-
tion data serving as respectively a data point and a boundary
point may be generated by combining electric charges of the
variable capacitors 36 and 38. As described by using FIG. 10,
such an interpolation circuit 12 may not be able to control the
data point and the boundary point independently. Thus, as in
the first and second embodiments, the modulation circuit 20 is
preferably used.

A third embodiment is an example of a semiconductor chip
in which a communication circuit including the receiving
circuit according to the first or second embodiment is formed.
FIG. 16 is a block diagram of a communication circuit
according to the third embodiment. Referring to FIG. 16, the
communication circuit including a receiving circuit 10 and a
transmitting circuit 70 may be formed in a semiconductor
chip 60. The receiving circuit 10 may output, as reception
data, which is a digital signal, a reception signal output by a
light-to-electricity converter. The receiving circuit 10 is the
receiving circuit according to the first or second embodiment,
and description thereof'is omitted. The transmitting circuit 70
may convert transmission data, which is a digital signal, into
atransmission signal and output the transmission signal to an
electricity-to-light converter. The transmitting circuit 70 may
include a flip-flop (FF) 72 and an amplifier 74. A phase-
locked loop (PLL) 62 may generate a sampling clock and
output the sampling clock to the interpolation circuit 12 and
the FF 72.

As in the third embodiment, a communication circuit
including the receiving circuit according to the first or second
embodiment and a transmitting circuit may be formed in a
semiconductor chip.

A fourth embodiment is an example where a stress test for
a receiving circuit is performed. For example, the example is
a shipping test or a field test of the semiconductor chip 60.
FIG. 17 is a block diagram of a system in which a stress test
is performed according to the fourth embodiment. Referring
to FIG. 17, the semiconductor chip 60 may include selection
circuits 64 and 66, a pattern checker 80, a control register 82,
and a pattern generator 84 in addition to the components in the
third embodiment. The selection circuit 64 may be a circuit
that selects that an external reception signal be connected to
the receiving circuit 10, or that an output of the transmitting
circuit 70 be connected to the receiving circuit 10. The selec-
tion circuit 66 is a circuit that may select that external trans-
mission data be connected to the transmitting circuit 70, or
that an output of the pattern generator 84 be connected to the
transmitting circuit 70. When the semiconductor chip 60 is in
anormal state (for example, when the semiconductor chip 60
transmits a transmission signal and receives a reception sig-
nal), the selection circuit 64 may output a reception signal to
the receiving circuit 10. The selection circuit 66 may output
transmission data to the transmitting circuit 70.

When a stress test for the receiving circuit 10 is performed,
the semiconductor chip 60 may be placed in a test board 86. A
test mode may be written from the test board 86 into the
control register 82. The pattern generator 84 may generate a
test pattern for the stress test by using the test mode stored in
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the control register 82. The selection circuit 66 may output an
output signal of the pattern generator 84 to the transmitting
circuit 70. The transmitting circuit 70 may output a signal for
the stress test. The modulation circuit 20 may modulate an
interpolation coefficient. The selection circuit 64 may output
the output signal ofthe transmitting circuit 70 to the receiving
circuit 10. The pattern checker 80 may check reception data
(output data) output by the receiving circuit 10 and may
output a check result to the control register 82. For example,
when the output signal of the pattern generator 84 matches the
reception data, it is determined that the stress test has been
passed. When the output signal does not match the reception
data, it is determined that the stress test has been failed. The
test board 86 may read the check result from the control
register 82. Thus, the stress test for the semiconductor chip 60
may be performed.

According to the fourth embodiment, the selection circuit
64 (first selection circuit) may select and output, as input data,
either a transmission signal or an external reception signal to
the receiving circuit 10. The selection circuit 66 (second
selection circuit) may select and output either external trans-
mission data or a pattern for the stress test to the transmitting
circuit 70. Thus, the stress test for the receiving circuit 10 may
be performed.

A test pattern may be output to the semiconductor chip 60
by the test board 86, reception data may be obtained from the
semiconductor chip 60, and it may be determined whether the
stress test has been passed or failed. However, in this case, it
is difficult for the test board 86 to access the semiconductor
chip 60 at a high speed. Hence, as in the first embodiment, a
modulation method using a high frequency is not preferable,
and, as in the second embodiment, a modulation method
using a low frequency is preferable.

According to the fourth embodiment, in the semiconductor
chip 60, the pattern generator 84 may generate a test pattern,
and the pattern checker 80 may check reception data. Because
of'this, both the modulation methods according to the first and
second embodiments may be used.

Furthermore, the pattern generator 84 and the pattern
checker 80 of the semiconductor chip 60 may perform a self
test without using the test board 86.

Although the embodiments of the present disclosure have
been described in detail above, the present disclosure is not
limited to the specific embodiments, and various modifica-
tions and changes may be made within the scope of the gist of
the present disclosure described in claims.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing as parts of the invention and the concepts contributed
by the inventor(s) to furthering the art, and are to be construed
as being without limitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the supe-
riority and/or inferiority of various aspects of the invention.
Although example embodiments of the present invention
have been described in detail, it should be understood that the
various changes, substitutions, and alterations could be made
hereto without departing from the spirit and scope hereof.

What is claimed is:

1. A receiving circuit, comprising:

an interpolation circuit configured to generate, by using an

interpolation coefficient, output data including a data
point and a boundary point from pieces of input data that
are input in chronological order;

a detection circuit configured to output a detection signal

when the detection circuit detects a phase of the output
data by using the boundary point of the output data;
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a low pass filter configured to filter the detection signal and
generate the interpolation coefficient; and

a modulation circuit configured to modulate, by using a
modulation signal having a frequency different from a
cutoff frequency of the low pass filter, the interpolation
coefficient generated by the low pass filter, and output
the modulated interpolation coefficient to the interpola-
tion circuit;

wherein the interpolation circuit is further configured to
apply currents corresponding to the pieces of input data
to a first variable capacitor and a second variable capaci-
tor that are capable of changing capacitances in accor-
dance with the interpolation coefficient, a point in time
at which a current is applied to the first variable capacitor
is earlier than a point in time at which a current is applied
to the second variable capacitor, and the interpolation
circuit is further configured to generate the data point
and the boundary point by combining electric charges of
the first variable capacitor and the second variable
capacitor.

2. The receiving circuit according to claim 1, wherein,
when an operational margin of the receiving circuit in the case
where a size of an eye pattern of the pieces of input data
becomes reduced is tested, the modulation circuit is further
configured to modulate the interpolation coefficient.

3. The receiving circuit according to claim 1, wherein the
frequency of the modulation signal is higher than the cutoff
frequency.

4. The receiving circuit according to claim 1, further com-
prising:

a correction circuit configured to correct the detection sig-
nal by using a correction signal synchronized with the
modulation signal whose frequency is lower than the
cutoff frequency.

5. The receiving circuit according to claim 1, further com-

prising:

a decision circuit configured to determine whether an out-
put of the interpolation circuit is at a high level or a low
level, and generate output data.

6. The receiving circuit according to claim 1, wherein the
interpolation circuit is further configured to generate interpo-
lation data from pieces of input data that are adjacent to each
other in chronological order.

7. A communication circuit, comprising:

a transmitting circuit configured to output pieces of data;

an interpolation circuit configured to generate, by using an
interpolation coefficient, output data that includes a data
point and a boundary point from the pieces of data that
are input in chronological order;

a detection circuit configured to output a detection signal
when the detection circuit detects a phase of the output
data by using the boundary point of the output data;

a low pass filter configured to filter the detection signal and
generate the interpolation coefficient;

a modulation circuit configured to modulate, by using a
modulation signal having a frequency different from a
cutoff frequency of the low pass filter, the interpolation
coefficient generated by the low pass filter, and output
the modulated interpolation coefficient to the interpola-
tion circuit;

a first selection circuit configured to select and output, as
any one of the pieces of data, either a transmission signal
or an external reception signal to a receiving circuit; and

a second selection circuit configured to select and output,
to the transmitting circuit, either external transmission
data or a pattern for testing an operational margin of the



US 9,178,630 B2
11

receiving circuit in the case where a size of an eye pattern
of the pieces of data becomes reduced.
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